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Void induced di-cation coronene C23H12++ is a possible carrier of the astronomically observed polycyclic aromatic 
hydrocarbon (PAH). Based on density functional theory, multiple spin state analysis was done for neutral void 
coronene C23H12. Singlet spin state was most stable (lowest total energy). By the Jahn-Teller effect, there occurs 
serious molecular deformation. Point group D6h of pure coronene transformed to C2 symmetry having carbon two 
pentagons. Advanced singlet stable molecules were di-cation C23H12++ and di-anion C23H12- -. Molecular 
configuration was almost similar with neutral C23H12. However, electric dipole moment of these two charged 
molecules show reversed direction with 1.19 and 2.63 Debey. Calculated infrared spectrum of C23H12++ show a very 
likeness to observed one of two astronomical sources of HD44179 and NGC7027. Harmonic vibrational mode 
analysis was done for C23H12++. At 3.2 μm, C-H stretching at pentagons was featured. From 6.4 to 8.7μm, C-C 
stretching mode was observed. In-plane-bending of C-H was in a range of 7.6-9.2μm. Both C-H out-of plane 
bending and C-C stretching were accompanied from 11.4 to 14.3μm. Astronomically observed emission peaks of 3.3, 
6.2, 7.6, 7.8, 8.6, 11.2, 12.7, 13.5 and 14.3μm were compared well with calculated peaks of 3.2, 6.5, 7.6, 7.8, 8.6, 
11.4, 12.9, 13.5, and 14.4μm.  
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1, INTRODUCTION 
Interstellar dust show mid-infrared emission from 3 
to 20μm. Discrete emission features at 3.3, 6.2, 7.6, 7.8, 
8.6, 11.2, and 12.7μm are ubiquitous peaks observed at 
many astronomical objects (Ricca et al. 2012; Geballeet 
al. 1989; Verstraete et al. 1996; Moutou et al. 1999; 
Meeus et al. 2001; Peeters et al. 2002; Regan et 
al.2004; Engelbracht et al. 2006; Armus et al. 2007; 
Smith et al. 2007; Sellgren et al. 2007).  Current 
understanding is that these astronomical spectra come 
from the vibrational modes of polycyclic aromatic 
hydrocarbon (PAH) molecules. Concerning PAH 
spectra, there are many experimental (Szczepanski & 
Vala 1993a; Schlemmer et al. 1994; Moutou et al. 1996; 
Cook et al. 1998; Piest et al. 1999; Hudgins& 
Allamandola 1999a, 1999b; Oomens et al. 2001, 2003, 
2011;Kim et al. 2001) and density functional theory 
(DFT) based theoretical analysis (de Frees et al. 1993; 
Langhoff 1996;Malloci et al. 2007; Pathak & Rastogi 
2007; Bauschlicher et al.2008, 2009; Ricca et al. 2010, 
2011b, 2012).  
 The current central concept to understand the 
observed astronomical spectra is the decomposition 
method from the data base of many PAHs 
experimental and theoretical analysis (Boersma et al. 
2013, 2014). Recently, Tielens (Tielens 2013) discussed 
void induced graphene like PAH’s, which may be 
candidates of emission source. In a previous paper (Ota 
2014b), void induced coronene C23H12
++ show a very 
likeness to well observed one by using DFT calculation 
method. The aim of this paper is to analyze molecule 
harmonic vibration mode of C23H12
++. Also, multiple 
spin state of void coronene was studied to search 
serious Jahn-Teller effect resulting characteristic 
molecular configuration and fairly large electronic 
dipole. 
   
2, CALCULATION METHOD 
We have to obtain total energy, optimized atom 
configuration, and infrared vibrational mode frequency 
and strength depend on a given initial atomic 
configuration, charge and spin state Sz. Density 
functional theory (DFT) with unrestricted B3LYP 
functional (Becke 1993) was applied utilizing 
Gaussian09 package (Frisch et al. 2009, 1984) 
employing an atomic orbital 6-31G basis set. The first 
step calculation is to obtain the self-consistent energy, 
optimized atomic configuration and spin density. ＴＲ
Required convergence on the root mean square density 
matrix was less than 10-8 within 128 cycles. Based on 
such optimized results, atomic vibrational frequency 
and strength was calculated. Vibration strength is 
obtained as molar absorption coefficient ε (km/mol). 
Comparing DFT harmonic wavenumber NDFT(cm-1) 
with experimental data, a single scale factor 0.958 was 
used (Ricca et al. 2012). Observed spectra are 
astronomical PAHs emission. As noted details by Ricca 
et al. (Ricca et al. 2012), we should consider photon 
absorbed emission and apply red shift by 15 cm-1.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Void induced coronene family. Pure coronene has D6h point group symmetry. Optimized molecular 
configuration depends on spin state Sz by the Jahn-Teller effect. Singlet spin state (Sz=0/2) of C23H12 show group 
symmetry C2 with carbon two pentagons, whereas triplet (Sz=2/2) C1 with one pentagon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Calculated and corrected infrared spectra of C24H12 and singlet spin state C23H12. Red diamond show 
harmonic wavelength (micrometer) and intensity epsiron (km/mol). Blue curve is its distribution. Green broken 
lines are well observed wavelength in interstellar dust. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Comparing di-cation C23H12++ with di-anion C23H12--, molecular configuration is almost  
similar with carbon two pentagons. However, electric dipole moment (blue arrow) show reversed direction with 
1.19 and 2.63Debey. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Calculated harmonic wavelength and intensity of C23H12
++ is shown by red diamond and their distribution curve by a blue 
curve based on every 7 cm-1 accumulation step. Green bar is observed flux peak position and height relatively estimated through two 
astronomical sources of HD44179 and NGC7027 (modified original spectra; Boersma et al. 2009).
 
 
 
 
  
Corrected wave number N is obtained simply by, 
 
 
N(cm-1) = NDFT(cm-1) x 0.958 – 15 (cm-1)
Also, wavelength λ is,  
 
     λ(μm)= 10000/N(cm-1)  
 
In order to compare with reported calculations on pure 
coronene spectrum, Appendix 1 is inserted in this 
paper, where wavelength is corrected one. 
 
3, MULTIPLE SPIN STATE AND JAHN-TELLER 
DISTORTION 
  
  Void coronene molecules were illustrated in Figure 1.  
Pure coronene C24H12 is non-magnetic (Sz=0/2) having 
D6h point group symmetry.  
Creation of carbon single void was supposed as 
shown in middle part of Figure 1 as C23H12. There are 
six unpaired electrons, which means multiple spin 
state capability of Sz=6/2, 4/2, 2/2 and 0/2. We should 
find which one is the most stable (lowest total energy).  
Table 1 was a result comparing energy difference 
between spin state Sz. Most stable one was singlet 
state (Sz=0/2). Next is triplet (Sz=2/2) with 70 kcal/mol 
higher than singlet. Also, we should compute molecular 
configuration depend on spin state, that is, such a void 
brings quantum mechanical distortion by the 
Jahn-Teller effect (Ota; 2011, 2014a). It is amazing 
that there cause bond-bond reconstruction. In case of   
singlet spin state (right upper part in Figure 1), we can 
see carbon two pentagons connected with five hexagons 
with a point group symmetry of C2. Whereas, in triplet 
case (lower part), one pentagon was observed with C1 
point group.   
 
 
                     Table 1 
 
Multiple spin state analysis of neutral void coronene 
C23H12. By a creation of single carbon void, there brings 
four spin states. Most stable (lowest total energy) one 
was Sz=0/2 (singlet). Increasing spin parameter Sz, 
total energy increases and became unstable 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Di-CATION C23H12++ AND Di-ANION C23H12- - 
 
 Unfortunately, infrared spectrum of singlet state 
neutral void coronene C23H12 was far from observed 
one as shown in Figure 2. We should find other 
candidate. One idea is spin canceling mechanism 
considering molecular orbits. Advanced singlet spin 
state molecules will be di-cation C23H12++ and di-anion 
C23H12--.  Because, by pulling out two electrons from 
HOMO level of singlet C23H12 we can realize singlet 
state to be C23H12++. Whereas, by adding two electrons 
to LUMO level we can realize again singlet state as 
C23H12- -.  
 Optimized configuration was illustrated in Figure 3, 
which show similar configuration in both cases, but 
somewhat detailed discrepancy on two pentagons 
connected angle C1-C2-C3 (see Figure 3 attached 
number beside carbons). In case of C23H12++, it was 
95 °, while C23H12-- 58 °which is smaller enough to 
make an extra sigma bonding between C1 and C3. 
Important issue is a charge distribution and electric 
dipole moment. Lower part of Figure 3 show charge 
distribution by a small letter. In case of C23H12++,   
hydrogen has plus charge of 0.22e to 0.25e, while 
C23H12- - small value of 0.01e to 0.02e. Electric dipole 
reflects such distribution. Dipole of C23H12++ was 1.19 
Debey oriented to upward in a molecule-plane, whereas 
that of C23H12- - was 2.63 Debey downward vector.  
 
5, MID-IR SPECTRUM OF C23H12++  
 
In Figure 4, Calculated harmonic wavelength and 
intensity of C23H12++ is shown by red diamond and their 
distribution curve by blue accumulating every 7 cm-1 
step. Green bar is observed flux peak position and 
height relatively estimated through two astronomical 
sources of HD44179 and NGC7027. Original full 
observed data was opened by Boersma et al. (Boersma 
et al 2009). We can see good coincidence between two. 
Of course, it should be noted that observation is 
emission flux, while this calculation show     
absorption. We need advanced calculation on emission 
using harmonic vibration results appeared in Appendix 
2.  Detailed data were shown in Table 2. Observed 
peaks are 3.3, 6.2, 7.6, 7.8, 8.6, 11.2, 12.7, 13.5 and 
14.3μm, whereas calculated peaks 3.2, 6.5, 7.3, 7.6, 7.8, 
8.3, 8.7, 9.0, 9.2, 11.4, 12.9, 13.5, and 14.3μm 
respectively. We cannot identify 9.0 and 9.2μm 
calculated peaks in observed one. Also, we should   
  
notice a large discrepancy at 11.2μm band. Calculated 
relative intensity is almost one third of observed one. 
 
More inspection and study is necessary to have a 
complete set of molecules. Anyway, this study could 
present almost good coincidence by a single molecule 
C23H12++.  
Concerning di-anion C23H12--, unfortunately, 
calculated spectrum (Ota 2014b) was very different 
with observed one. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 
 Vibrational mode analysis of C23H12++. Large intensity modes were selected among full 99 modes noted in 
appendix 2. Calculated and corrected (scale factor and red shift) wavelength was compared with well observed one 
in interstellar dust. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Wavelength 
 
 
 
(Above wavelength are DFT calculated and corrected by scale factor 0.958 and red shift by 15cm-1.) 
 
 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6, VIBRATIONAL MODE ANALYSIS OF C23H12++ 
 
 Vibrational mode analysis using Gaussian09 package 
was summarized in Table 2, which was classified as 
follows, 
(1)3.19μm (calculated and corrected value): C-H 
stretching mode at two pentagon sites. 
(2)6.46μm: C-C stretching at all hexagon sites.  
Calculated wavelength was longer than observed 
one by 0.26μm. 
(3)8.97-9.19μm: Not identified in observed spectra  
(4)11.4-12.9μm: C-H out-of-plane bending and C-C 
stretching 
(5)13.5μm: C-H out-of-plane bending at pentagon site  
(6)14.3μm: C-H out-of-plane bending at pentagons and 
C-C stretching. 
These vibration mode features are almost similar to 
common PAH mode analysis on a review paper (see 
page 1028, Tielen; 2013)
  
 
                7, CONCLUSION 
 
In order to analyze vibrational mode of void induced 
 
 
 
coronene molecules, density functional theory was 
applied. Among them, di-cation C23H12++ is a possible 
carrier of the astronomically observed polycyclic 
aromatic hydrocarbon (PAH). 
(1)Based on unrestricted density functional theory, 
multiple spin state analysis was done for neutral void 
coronene C23H12. Singlet spin state was most stable 
(lowest total energy).  
 (2)By the Jahn-Teller effect, there occurs serious 
molecular deformation. Point group D6h of pure 
coronene transformed to C2 symmetry in C23H12 having 
carbon two pentagons.  
(3)Advanced singlet stable molecules were di-cation 
C23H12++ and di-anion C23H12- -. Molecular configuration 
was almost similar with neutral C23H12. 
(4)Electric dipole moment of C23H12++ and C23H12- - show 
reversed direction each other with 1.19 and 2.63 
Debey.  
(5)Calculated infrared harmonic wavelength and 
relative peak height of C23H12++ show a very likeness to 
observed one of two astronomical sources of HD44179 
and NGC7027. Observed emission peaks of 3.3, 6.2, 7.6, 
7.8, 8.6, 11.2, 12.7, 13.5 and 14.3μm were compared 
well with single molecule C23H12++ calculated peaks of 
3.2, 6.5, 7.6, 7.8, 8.7, 11.4, 12.9, 13.5, and 14.3μm. 
(6)Harmonic vibrational mode analysis was done for 
C23H12++. At wavelength 3.2 μm, C-H stretching at 
pentagons was featured. From 6.4 to 8.7μm, C-C 
stretching mode was observed. In-plane-bending of C-H 
was in a range of 7.6-9.2μm. Both C-H out-of plane 
bending and C-C stretching were accompanied from 
11.4 to 14.3μm.  
. 
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